ABSTRACT
INTRODUCTION
The effect of vitamins on enzyme systems and other cellular activity have become one of the most explored fields of scientific study. A wide variety of pharmacological and chemical agents are known to produce a range of acute or chronic liver diseases. Phenytoin, a hydantion anticonvulsant used widely in treatment of seizure (1, 2) is used for any generalized or partial seizure type, except for absence of seizures where it may worsen the condition. The complication of phenytoin therapy has called for serious concern since this drug is capable of causing alteration in tissue integrity (3, 4) . It has been reported that hepatotoxicity of phenytoin is usually accompanied by rashes, fever, lymphadenopathy and eosinophilia and these observations suggest that the mechanism of toxicity may be that of hypersensitivity (5) (6) (7) . Phenytoin hypersensitivity syndrome is not fully understood and is not related to drug dosage or serum levels (8) . However the cytotoxic activity and immunologic response are associated with the intermediate metabolites of phenytoin called arene oxides (7, 9) . Phenytoin administration has been reported to result in altered folate and vitamin B 12 metabolism. Both serum and red cell levels of these vitamins have been altered in over 50% of patients on phenytoin therapy (10, 11) . Serum folate decreases when phenytoin therapy is initiated alone with no folate supplementation and folic acid supplementation in folate deficient patients with epilepsy changes the pharmacokinetics of phenytoin, usually leading to lower serum phenytoin concentrations and possible seizure breakthrough (11) .
Several suggestions have been made in an attempt to deduce the mechanism by which phenytoin alter folate metabolism (11, 12) . Porter and Meldrum (13) , proposed that phenytoin causes mal-absorption of dietary folate by inhibiting a conjugase, an enzyme that converts the polyglutamate form of folate to the absorbable monoglutamate. It has been recommended that folic acid supplementation should be initiated each time phenytoin therapy commences. This is because of the hypothesized cofactor mechanism, decreased adverse effects associated with folate deficiency and better seizure control with no perturbation of phenytoin pharmacokinetics (11) .
Phenytoin induced depletion of folate in rats have been reported to originate in the liver and it involved a mechanism that did not discriminate folate forms. Also it causes depletion of total hepatic folate to about 50% (12) . There are several reports on the effect of drugs on liver function and phenytoin is included. Equally, incidence of convulsion from diverse causes, especially among the children and the use of phenytoin as a result is increasing. It has also been established that most of our locally sourced daily meals are grossly inadequate in essential micronutrients such as vitamins hence, the general practice of vitamin supplementation in our daily meals.
Presently literature on folate and vitamin B 12 interaction on phenytoin toxicity is scanty. The present study emphasizes the interaction of these agents in modulating or preventing the toxicity of phenytoin in experimental rats.
MATERIALS AND METHODS
Growing adult male and female albino rats of the Wistar strain (135 -150g) were obtained from the Biochemistry Department Animal house in the Faculty of Basic Medical Science, University of Calabar, Calabar. The animals were kept in a well ventilated standard laboratory condition in the experimental section of the animal house, at room temperature. The animals were fed with normal rat formular (Pfizer Livestock Co. Ltd., Aba, Nigeria). Both the experimental and control animals had free access to both rat chow and water during the experimental period. The animals were randomly divided into 5 groups of 8 rats each. Group 1 animals served as the control and were gavaged normal saline (1.0 ml). Groups 2, 3, 4, and 5 received phenytoin, phenytoin + folic acid, phenytoin + vitamin B 12 and phenytoin + vitamin B 12 + folic acid respectively.
Administration of phenytoin, folic acid and vitamin B 12 :
Commercially available phenytoin capsules were obtained from Parke-Davis Hoofireg; Vitamin B 12 and folic acid tablets were obtained from Vitabiotics (Nig) Ltd, Lagos, Nigeria. The choice of commercial products was to reflect the condition of those under the medication of these drugs. Phenytoin: 5mg/ kg body weight of rat, folic acid: 70 microgram/kg body weight of rat and vitamin B 12 : 15 microgram/kg body weight of rat. Phenytoin and folic acid were administered daily by oral intubations whilst vitamin B 12 was administered intraperitoneally twice a week. Treatment lasted for 4 weeks.
The animals were sacrificed and blood samples collected into plain sample tubes for sera preparation. The blood samples were allowed to clot at room temperature for 2 h. Sera were separated by centrifugation at 3000 g for 5 min using bench top centrifuge (MSE Minor, England). Sera were separated into sterile plain tubes and stored in the refrigerator for analysis. All analysis on serum samples were completed within 24 h of sample collection.
Biochemical determinations : Serum protein, lipid profile and hepatic enzymes of clinical significance were measured in serum samples spectrophotometrically, using Randox kits (Randox Laboratory Ltd., Diamond Road, Crumlin, Co. Antrim, United Kingdom, BT29 4QY). Serum aspartate aminotransferase (AST), alanine aminotransferase (ALT) were measured according to the method of Reitman and Frankel (13) . Serum alkaline phosphatase activity was determined by a kinetic method according to the recommendations of the Deutsche Geselllschaft fur Klinische chemie (14) . Serum total protein was analyzed using biuret kit method (15) . Total cholesterol, triglyceride and HDL-cholesterol were measured by enzymatic colorimetric endpoint methods (16) . LDLcholesterol was obtained by calculation using the formula provided in Randox HDL-cholesterol kit booklet. The absorbances of all the tests were determined using spectrophotometer (HAICH, DR 3000, Germany). Statistical analysis was carried out by employing student's t-test, a probability of 0.05 being used as a level of significance.
RESULTS
The effect of folic acid and vitamin B 12 administration on phenytoin induced changes in total serum protein and liver function enzymes activities and changes in serum lipid profiles of albino Wistar rats are shown in Table 1 and 2. The activities of AST, ALT and ALP were significantly higher (36.39, 21.37 and 22.28 % respectively) while total serum protein was significantly lower (30.15 %) in phenytoin treated rats as compared to the control (P d 0.05). Serum enzymes activities and total protein concentration in groups 3 and 5 did not change significantly (P t 0.05). Following recovery the supplementation of phenytoin with folic acid in group 3 resulted The effect of vitamins (folic acid and B 12 ) administration on phenytoin induced changes in serum lipid profile is shown in Table 2 . There were significantly (P d 0.05) increased serum total cholesterol (22.34 %), LDL-cholesterol (50.58 %), VLDLcholesterol (29.17 %) and triacylglycerol (26.47 %) levels by phenytoin administration in group 2 animals. However, folic acid supplementation resulted in normal lipid profile. In groups 4 and 5 serum triacylglycerol (29.25 and 25.00 %) and VLDL (29.17 and 24.44 %) increased significantly while in group 5 LDL-cholesterol showed significant (P d 0.05) decrease (40.17 %) when compared to control.
DISCUSSION
Treatment with phenytoin after for 4 weeks showed a significant alteration in the value of serum total protein indicating that cellular integrity may have been affected since proteins are building blocks in the body. Decreased protein level is also a sign of increased catabolism than anabolism due to alteration in the synthesis of protein in the liver of phenytoin treated rats. The activities of AST, ALT and ALP were significantly increased in phenytoin treated rats as compared to the controls (P d 0.05). Phenytoin therapy have resulted in raised activities of serum AST and ALT (14) . The changes in these enzymes as found in this study show that phenytoin is capable of affecting both mitochondrial and cytosolic enzyme activities. Since ALP is important in general metabolic activities, its increased level after phenytoin administration signals an increase in cellular metabolism.
Phenytoin supplementation with folic acid significantly decreased the influence of phenytoin on liver enzymes by reversing AST and ALT to values slightly above that of control. Alkaline phosphatase activity also decreased but to a level higher than that of control. Folic acid supplementation resulted in complete reversal of the effect of phenytoin on serum protein. (5) Mean ± SD of 8 determinations. * p < 0.05, **p < 0.01 compared to control; (Student's t-test).
Table 2. Effect of folic acid and vitamin B 12 administration on serum lipid profile during phenytoin induced toxicity in rats
Folic acid plays vital roles in several enzymes activities in the body and folate is essential for one carbon metabolism. This is however, not unconnected to the fact that folic acid causes a fall in serum phenytoin level. Also the hydroxylase, an enzyme involved in the metabolism of phenytoin is folate dependent (15) .
Phenytoin is reported to cause change in the metabolism of folate and vitamin B 12 (11) . However, the effect of vitamin B 12 supplementation did not influence the toxicity of phenytoin as the raised level of the enzymes activities, which were raised by phenytoin remained almost the same. The level of serum protein also followed the same trend. This results showed that the metabolism of phenytoin may not require vitamin i.e. vitamin B 12 is not a coenzyme in phenytoin metabolism. The mechanism by which vitamin B 12 is altered by phenytoin is therefore a subject that presents unanswered questions.
The observation of increase in the activities of liver function enzymes in response to concomitant supplementation of phenytoin with folic acid and vitamin B 12 is an interesting finding. Though the ameliorating effect of this combination was significantly less than that of folic acid, it could be seen from the result that the presence of vitamin B 12 showed no effect on the influence of folate in phenytoin metabolism. The levels of serum AST, ALT and ALP were significantly higher than the control (P < 0.05). The serum total protein concentration of group 5 (phenytoin + folic acid + vitamin B 12 ) remained the same as in the control, indicating little or no alteration in metabolic pathways. Table 2 that phenytoin induced increase in serum lipid profile was significant except in HDL-cholesterol. This result tally with the report on increase serum cholesterol and triglyceride levels in healthy volunteers and epileptic patient treated with phenytoin (16) . This shows that phenytoin may have some influence on lipid metabolism and its atherosclerotic risk could be ameliorated by folic acid / vitamin B 12 or both. The influence of vitamin B 12 and folic acid on phenytoin altered lipid metabolism may not be unconnected with their co-operative action on 5-deoxyadenosylcobalamin, a coenzyme of L-methylmalonyl-CoA mutase which catalyses the conversion of L-methylmalonyl CoA to succinyl-CoA, an important reaction in energy production from fat and protein.
It is evident from
The mechanism by which folic acid supplementation reduced liver dysfunction is not clear but liver tissues have been known of hepatocytes proliferation as a means of combating xenobiotic toxicity. The roles of folic acid in DNA synthesis and energy metabolism are well known facts. The picture of serum enzymes in this study suggest that more damage may have been done to the mitochondria than the cytoplasm and the pathology in this work may be more of the heart than the liver (17) (18) (19) .
Our results are in harmony with that of earlier workers but we have also found that vitamin B 12 exacerbated the toxicity of phenytoin and also decreased the ameliorating effect of folic acid on phenytoin toxicity. Since it is observed that vitamin B 12 decreases the effect of folic acid in phenytoin metabolism in this study, we therefore suggest the use of folic acid only in the supplementation of phenytoin in treating seizures. This we belive will give a better clinical result than concomitant administration of phenytoin, folic acid and vitamin B 12 or phenytoin and B-complex.
